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ABSTRACT: Activated Carbon prepared from Musa Acuminata Banana Bunch (AC-MABB)  

was proposed in this study. The active sites and morphology structure of three types of the AC-MABB 

were analyzed using FT-IR and SEM, respectively. The effect of independent variables namely contact 

time, Cu(II) ions concentration in solution, NaOH activator concentration, initial pH, and temperature  

on adsorption capacity of the AC-MABB were investigated through batch mode experiments.  

The Cu(II) ions adsorbed onto the AC-MABB showed excellent fitting to the pseudo-second-order 

adsorption kinetic with a  correlation coefficient value of  0.999. Meanwhile, it followed Langmuir 

isotherm with coefficient values of 0.981 and 0.991 at 27 and 57 oC, respectively. The optimum 

adsorption condition for 1 g of the AC-MABB was observed to be under 0.4 M NaOH activation 

atmosphere and, stirred at initial pH of 5 with a speed of 100-rpm and a pressure of 1 atm.  

The maximum Cu(II) ions adsorption capacity based on Langmuir was identified approximately  

equal to 40.322 and 46.082 mg/g at 27 and 57 oC, respectively. 
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INTRODUCTION 

The development of industries can have negative 

impacts on the environment. Extensive agricultural 

activities, mining operations, and refining of petroleum 

might release organic and inorganic pollutants including 

heavy metals to streams, rivers, lakes, and groundwater [1-6]. 

Cu(II) ions are one of the pollutants in the water bodies 

and commonly exist in industrial wastewater [7].  

 

 

 

It is dangerous to humans as it may cause tissues and 

organs to malfunction [8, 9]. 

Among other chemical processes, adsorption  

is a promising technology for the removal of heavy metals 

in soil and wastewater as it is more effective, environmentally 

friendly, and easily applicable [10-12]. It is also 

economically friendly especially when it uses a low-cost  
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lignocellulosic materials-based as the adsorbents [13]. 

Some adsorbents highlighted in the previous studies  

have been prepared from rice husk [14], sunflower leaves [15], 

wheat straw [16], Cinnamomum camphora leaves [17], 

areca catechu shell [18], watermelon [19] are used  

for Cu(II) ion adsorption. 

In the global scene, it is expected that the activated 

carbon market would reach approximately 2.78-kilotons 

by 2022 [20], thus offering tremendous opportunity  

in producing a better type of adsorbents. A great deal  

of research investigations, as reported in the literature 

has been directed towards the application of 

lignocellulosic materials as the adsorbent for Cu(II) 

ions such as hazelnut husks [21], pecan shell [22], 

hazelnut shell [23], cassava peel [24], Tunisian date 

stones [25], corncob [26], Australian pine cones [27], 

Pithecellobium jiringa shell [28], myristica fragrans 

shell [29] and areca catechu stem [30]. Banana Empty 

Fruit Bunch (BEFB) has been used as a raw material of 

activated carbon to reduce methylene blue. The carbon 

was impregnated with H3PO4 and KOH [31]. The same 

acid was used to the BEFB activate carbon for 

hydrothermally treated-based activated carbon for 

Zn(II) and Pb(II) adsorption [32]. The type of banana 

was not mentioned in the previous studies. Meanwhile, 

there are almost 1,000 types of bananas in the world, 

and the global production has 47% of Musa Acuminata 

banana which is 50 billion tonnes/year [33]. Therefore, 

it is still necessary to prepare activated carbon from 

Musa Acuminata Banana Bunch (MABB) for Cu(II) 

adsorption. Pyrolysis of the MABB in a tube furnace 

with nitrogen injected, and activating banana bunch 

carbon using NaOH has not been investigated in the 

previous studies.  

The main objective of this work is to propose an Activated 

Carbon (AC) prepared from the MABB (AC-MABB)  

for Cu(II) adsorption. The morphology structure and 

chemical functional group of the active sites 

of the AC-MABB were analyzed and characterized.  

The effects of independent variables i.e. contact time,  

the concentration of NaOH, initial concentration of Cu(II) 

ions in solution, pH, and temperature on the adsorption 

capacity were investigated. Isotherm and kinetic 

adsorption studies were conducted. The maximum Cu(II) 

ions adsorption capacity by various activated carbons 

was highlighted to compare.  

EXPERIMENTAL SECTION  

The AC–MABB preparation and analyses  

The common method to prepare activated carbon [27,29,38,39] 

was applied in the AC-MABB production. The 1 kg of 

MABB was dried under the sun for 7 days at 30 °C (± 1 °C) 

on average [28]. The dried MABB was ground and sieved 

to 60-80 mesh size. Then, it was pyrolyzed in a tube 

furnace (TF 120, 300-1500 °C from Human Lab Inc. 

Korea) with nitrogen injection at 5 mL/min [30] from  

an initial temperature of 28 °C (± 1 °C) to final carbonation 

temperature of 450 °C at a heating rate of 45 °C/min.  

The sample was kept for 1 hour at 450 °C for physical 

activation. This activated carbon was labeled as the AC-MABB0, 

which refers to a sample without chemical activation.  

After reaching 27 °C, the material of 0.03 kg was activated 

chemically using 300 mL of NaOH 1 M (97% pure,  

Aldrich) in a 500-mL beaker glass stirred at 100 rpm 

(Magnetic Mini, Compact Type HI 180-2 F) for 24 h at 28 °C 

(± 1 °C) and this sample was denoted as AC-MABB1.  

This was repeated for the other two runs of the activation 

process with 0.7 and 0.4 M of NaOH to produce two (2) 

types of the AC-MABB denoted as AC-MABB0.7 and 

AC-MABB0.4, respectively. Then, each AC-MABB 

sample was washed several times using Reverse Osmosis 

(RO) water until the neutral pH of 7 (± 0.1) was reached.  

The AC-MABB chemical functional groups were analyzed 

using Fourier Transform Infrared Spectroscopy (FT-IR, IR 

Prestige 21 from Shimadzu, made in Japan). KBr pellets  

at 0.1% of the sample were used to obtain the AC-MABB 

transmission spectra at a range of 400–4000 cm-1.  

The AC-MABB surface morphology was analyzed using 

Scanning Electron Microscopy (SEM, Jeol-JSM-6360LA, 

made in Japan). 

A stock Cu(II) ions solution of 2 L at 500 mg/L was made 

using the previous method [28]. The real Cu(II)  ions 

concentration was determined using an Atomic Absorption 

Spectrophotometer (AAS, type AA-6300 from Shimadzu, 

made in Japan) while the initial Cu(II) ions concentration 

for each experiment was determined by dilution [30].  

 

Experiments of Cu(II) ions adsorption  

All the adsorption experiments were conducted  

in batch mode [29,30]. The AC-MABB and solution system 

consisted of 100 mL Cu(II) ions solution,  1 g of adsorbent 

(AC-MABB1, AC-MABB0.7, AC-MABB0.4, or AC-MABB0) 

in a 200-mL Erlenmeyer flask at 100-rpm steering speed  
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and 1 atm. The adsorption capacity of the AC-MABB  

was obtained over the initial Cu(II) ions concentration  

(5.29–511.32 mg/L), NaOH concentration (0.4–0.7 M), 

pH (3–7), and adsorption temperature (27–57 °C).  

The adsorption kinetics and isotherm of Cu(II) ions  

were determined at the optimum condition. The AC-MABB 

adsorption capacity was also compared to various 

activated carbons from previous studies. 

 

RESULTS AND DISCUSSION 

The transmission spectra of the AC–MABB 

The transmission spectra of the AC-MABB1, AC-MABB0.7, 

AC-MABB0.4, and AC-MABB0 are shown in Fig. 1.  

The AC-MABB0 consists of 4 functional groups with 

transmission spectra in the range of 400–4000 cm-1. It is 

observed that there are two weak bands with the peaks  

at 3701 and 3662 cm-1 which are in the range of 3508-3712 cm-1 

are associated with hydroxyl groups of O-H stretch [19, 27]. 

On the other hand, a wide band with three peaks at 2975, 

2878, and 2815 cm-1 are identified to represent alkenes of  

C–H stretch in the wavenumber range of 2700-2980 cm-1. 

Another wide band with two peaks at 1689 and 1520 cm-1 

matches the aromatic rings of the C=C stretch in a 

wavenumber range of 1508-1712 cm-1 [34]. A strong band of 

C–H symmetrical and asymmetrical stretching is observed  

in a wavenumber range of 1321-1452 cm-1.  The last one was 

a weak band of C–C stretch at 400-700 cm-1 with a peak  

at 569 cm-1 [35]. 

Overall, chemical activation using NaOH shipped down 

the transmission spectra of the AC-MABB0 leading to the 

decrease of all the transmittance peaks. Chemical activation 

using NaOH also weakened the C–H  and C=C stretch peaks, 

and it might cause alkenes and aromatic compounds  

in the activated carbon being released from the AC-MABB0 

leading to more porous being formed on the surface of  

the AC-MABB1, AC-MABB0.7, AC-MABB0.4. Interesting 

to note that decreasing NaOH concentration from 1 and 0.7 M 

to 0.4 M, resulted in the incline of O-H stretching peaks.  

This means that hydroxyl groups formed more on the surface 

of AC-MABB0.4 as compared to AC-MABB1 and AC-MABB0.7, 

and this might result in more active sites of hydroxyl groups 

being formed on the AC-MABB0.4 for chemical adsorption 

of Cu(II) ions. 

 

Surface morphology of the AC–MABB 

Surface morphology of the AC-MABB0, AC- MABB0.4, 

and AC-MABB1 are shown in Figs. 2(a), (b) and (c), 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: The  FT-IR spectra of the AC-MABB. 

 

respectively. It is shown in Figs. 2, that the AC-MABB0 

wall is thicker as compared to the AC-MABB0.4  

and AC-MABB1. It is also observed that AC-MABB0.4  

is more porous as compared to AC-MABB0.  

This observation is reasonable because, from the FT-IR 

perspective, alkenes and aromatic compounds in the 

activated carbon were released from the AC-MABB0 

leading to more pores being formed on the surface  

of the other samples.  

NaOH acted as dehydrating agent to dehydrate water 

and create more pores as observed in AC-MABB0.4 [27]. 

On the other hand, AC-MABB1 showed the clearest 

surface where there were almost no impurities  

on the AC-MABB1 compared to the AC-MABB0.4. 

However, less porous was observed on the AC-MABB1 

compared to the AC-MABB0.4. This shows that a high 

concentration of NaOH might break the activated carbon 

wall including the pores [36] resulting in fewer pores 

observed in AC-MABB1. Overall, AC-MABB0.4 showed 

the best surface morphology, and the AC-MABB0.4 

adsorption capacity is expected to be highest compared to 

AC-MABB0 and AC-MABB1. 

 

Effect of contact time on adsorption capacity  

The Cu(II) ions adsorption capacity on the AC-MABB04 

and AC-MABB1 over contact time is highlighted  

in Fig. 3. Both activated carbons, the AC-MABB1 and 

AC-MABB0.4 show the same trend where both increased 

sharply for the first 15-min contact time. The absorption 

capacity was approximately 21.60 and 24.99 mg/g  

for the AC-MABB1 and AC-MABB0.4,  respectively  

at 15-min contact time. It increased gradually to 22.29, 
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(a) (b) (c) 

Fig. 2: The SEM micrographs of (a) the AC-MABB0, (b) AC-MABB0.4 (c) the AC MABB1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Cu(II) ions on activated carbon over contact time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Cu(II) on activated carbon over initial Cu(II) ions 

concentration. 

 

24.62, 24.84, and 26.42 mg/g at 30, 45, 60, and 75-min 

contact time, respectively for the AC-MABB1, and 

28.17, 29.15, 31.89, 33.15 mg/g, respectively for the 

AC-MABB0.4. The AC-MABB1 adsorption capacity 

changed a little bit at 90 and 120-min contact time, 

which was 27.03 and 27.56 mg/g, respectively. It was 

33.66 and 33.81 mg/g, respectively for the AC-MABB0.4. 

Therefore, the equilibrium time was 120-min, and it  

was set for further isotherm experiments. Both samples 

showed a gradual increment in the absorption capacity 

after the contact time of 15 minutes and onwards until 

each sample reached its plateau at the contact time of  

75 minutes and 90 min. up to the contact time of  

120 minutes for AC-MABB0.4 and AC-MABB1 

respectively. Thus, it is reasonable to take 120 minutes 

as the equilibrium time and use it in the following 

isotherm experiments.  Fig. 3 shows clearly that it was 

an exponential growth over contact time and it was  

in accordance with the previous finding [19,27,29,37]. 

Effect of initial adsorbate on adsorption capacity  

The initial Cu(II) ions concentration affected on adsorbent 

adsorption capacity depends on the adsorbent used. It was reported 

that the adsorption capacity of both activated carbon 

decreased for the increasing initial adsorbate concentration 

from 1 to 14 mg/L using activated Areca catechu shell [19], 

and it increased for the increase from 6.465 to 645.540 mg/L [29]. 

In the present study, the same typical result for AC-MABB0.4 

was obtained as shown in Fig. 4. The Cu(II) adsorption  

is gradually increased from 0.52 to 5.11 mg/g for the increment 

of the initial Cu(II) ion concentration from 5.29 to 57.75 mg/L, 

respectively. Then, it inclined sharply to the amount of 12.39, 

23.90, and 33.81 mg/g for the initial Cu(II) ions concentration 

of 140.56, 274.01, and 511.32 mg/L, respectively, and this 

trend is almost the same as it was reported in the previous 

study [38]. It could be because the range of initial Cu(II) ions 

concentration was not still wide enough to let all the active 

sites on activated carbon being occupied by Cu(II) ions reach 

their steady-state [39]. 
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Effect of NaOH concentration on adsorption capacity 

Fig. 5 shows the adsorption capacity of the activated 

carbon against the difference activating NaOH 

concentration. As revealed in Fig. 5, the adsorption 

capacity of AC-MABB0.4 increased from 33.81 to 33.30 

and 27.56 mg/g when the concentration of NaOH increases 

from 0.4 to 0.7 and 1 M, respectively. This finding  

was also supported by the FT-IR result shown in the 

previous section where there are more hydroxyl groups 

were formed on the surface of AC-MABB0.4 as compared 

to the AC-MABB1 and AC-MABB0.7. It was also shown  

by the increasing of O-H stretching peaks when  

the concentration of NaOH is decreased. In addition,  

the higher the concentration of NaOH agent, it can cause 

in cracking of C=C stretching leading to broken pores  

on adsorbent thus lowering the adsorption capacity. 

 

Effect of initial pH on adsorption capacity 

In general, the best Cu(II) ions adsorption on 

adsorbents occurred under acidy and neutral pH conditions 

[19, 25, 40, 41]. It is reasonable, to avoid Cu(OH)2 solid 

formation in the alkaline solution before adsorption took 

place. The effect of initial pH is shown in Fig. 6. The initial 

pH of Cu(II) ions solution was adjusted by dropping 0.1 M 

HNO3, or 0.1 M NaOH solution. As shown in Fig. 6, the Cu(II) 

ions adsorption on AC-MABB0.4 increased moderately  

as the pH increased from 3 to 5. Surprisingly, it dropped 

dramatically to 1.56 mg/g at the pH value of 7. As expected, 

adding 0.1M NaOH solution to reach pH 7 caused the formation 

of Cu(OH)2 solid in solution which was indicated by the change  

of Cu(II) ions solution color from clear blue to whitish blue. 

The maximum AC-MABB0.4 adsorption capacity was found  

to be 33.81 mg/g at pH 5 and this is almost similar to the one 

in the previous study that uses the design expert-based 

optimization approach [30]. 

 

Effect of temperature on adsorption capacity  

As shown in Fig. 7, the Cu(II) ions adsorption  

on AC-MABB0.4 increased linearly from 33.81 to 35.00 and 

36.41 mg/g as the temperature increased from 27 to 42 and 57 °C, 

respectively. Even if, the increase of adsorption capacity was 

insignificant which was only by 3.45 and 7.69% at 42 and 57 °C, 

respectively, the chemical adsorption should be more than 

physical adsorption on the AC-MABB0.4 according  

to Le Chatelier’s principle [42]. Further investigation  

was highlighted in the adsorption kinetics and isotherm studies.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Cu(II) on activated carbon over NaOH concentration 

for activation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Cu(II) on activated carbon over the initial pH of  

the solution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Cu(II) on activated carbon over initial Cu(II) ions 

concentration. 
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Adsorption kinetics and isotherm of the AC-MABB0.4 

The linearized Lagergren model of Pseudo-First-Order 

Kinetic (PFOK) is given in Equation (1), and the linearized 

Ho model of Pseudo-Second-Order Kinetic (PSOK) is given 

as Eq. (2) [27,30,39].  











303.2
log)log(

tk
qqq

L

ete
                                           (1) 

t eH e

t t

q qk q

 
2

1
                                                             (2) 

where qt denotes as the AC-MABB0.4 adsorption 

capacity (mg/g)  at the time (min) of t; qe is the qt value  

at equilibrium (e) time; kL is the adsorption rate constant 

(/min) for the PFOK model; and kH (g/mg.min) is  

the PSOK adsorption rate constant. The adsorption 

kinetics system consisted of 100 mL Cu(II) ions solution 

at 511.32  mg/L, pH 5, 27, and 57 °C, 1 g of the  

AC-MABB0.4, 0–120 min contact time, 100-rpm stirring 

speed, and 1 atm. All the constant values of the PFOK  

and PSOK model were obtained by using the slope and 

interception of Eqs (1) and (2), respectively. 

The optimum condition-based adsorption kinetic  

are being referred to as the maximum adsorption capacity 

at 57 °C and 27 °C as highlighted in the previous section. 

As the plot reveals and shown in Fig. 8, the PSOK model 

gives the best fitting to the AC-MABB0.4 adsorption 

kinetic with a higher correlation coefficient, and the R2 value 

of 0.995 and 0.999 at 27 and 57 °C, respectively. 

The Langmuir isotherm and Freundlich isotherm 

models were also used in this present work, and the 

linearized form is written in Eqs. (3) and (4) [27, 30, 39]: 

e

e

t m L m

C
C

q q K q
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n
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                                             (4) 

Where Ce (mg/L) and qm (mg/g), is the equilibrium 

time-based Cu (II) ions concentration in the solution and 

the Langmuir-based adsorption capacity, respectively; KL 

(L/mg) and KF (L/mg) denote the constant of Langmuir 

and Freundlich isotherm, respectively; and 1/n is  

the Freundlich-based intensity of the adsorption.  

All the constant values were obtained by the slope  
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Fig. 8: Adsorption kinetic plots for the linearized (a) PFOK 

model and (b) the PSOK model. 

 

and the interception of Equations (3) and (4), respectively. 

Fig. 9 shows the best fitting which was obtained  

by Langmuir isotherm with the R2 value of 0.981 and 0.991 

at 27 and 57 °C, respectively. The Langmuir isotherm  

was reasonable for this case because the adsorbate 

monolayer on the adsorbent surface is generally related 

to pseudo-second-order kinetic adsorption [19, 27, 43]. 

 As expected in the previous discussion, the rise  

in adsorption, the temperature increased insignificantly 

 the AC-MABB0.4 adsorption capacity. Table 1 shows  

the increment of the adsorption capacity is only by 4.76% 

and 14.28%  based on the PSOK model and Langmuir 

model respectively. 

 

Cu(II) adsorption capacity by various activated carbon 

Table 2 shows lignocellulosic materials-based 

activated carbon including the sample of Musa Acuminata 
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Tabel 1: The adsorption kinetic and isotherm constants. 

 The PSOK Model Langmuir Model 

 qe KH R2 qm KL R2 

27 °C 34.965 0.006 0.999 40.322 0.031 0.981 

57 °C 36.630 0.020 0.999 46.082 0.026 0.991 

 

Table 2: A comparison of lignocellulosic materials-based activated carbon for Cu(II) ions. 

Lignocellulosic materials Activator T (°C) pH qm (mg/g) Ref. 

Hazelnut husks ZnCl2 18 5.7 6.650 [21] 

Hazelnut shell H2SO4 50 6 58.270 [23] 

Tunisian date stones H3PO4 40 5 31.250 [25] 

Australian pine-cone NaOH 25 5 26.710 [27] 

Pithecellobium jiringa NaOH 27 5 104.167 [28] 

Areca catechu shell NaOH 27 6.5 50.51 [38] 

Areca catechu shell NaOH 45 6.5 55.25 [38] 

Watermelon Ca(OH)2 30 5 31.025 [40] 

Watermelon C6H8O7 30 5 27.027 [40] 

Apricot stone H2SO4 NA 6.5 22.800 [44] 

Musa Acuminata banana bunch NaOH 27 5 40.322 present study 

Musa Acuminata banana bunch NaOH 57 5 46.082 present study 

 

 

 

 

 

 

 

 

 

 

 

 

 

                

Fig. 9: Adsorption isotherms plots for (a) Langmuir isotherm (b) Freundlich isotherms. 

 

banana bunch in the present study (the AC-MABB0.4)  

for Cu(II) ions for different adsorption conditions. From 

Table 2, it is apparent that the AC-MABB0.4 adsorption 

capacity is more as compared to those prepared from 

hazelnut husks, Tunisian date stones, Australian pine-cone, 

Watermelon, and Apricot stone. However, it is lower than 

those prepared from Hazelnut shell, areca catechu shell, 

and Pithecellobium jiringa. 

 

CONCLUSIONS 

This study proposed the preparation of Musa  

Acuminata banana bunch-based activated carbon  (AC-MABB) 
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via physical and chemical activations. The FT-IR and SEM 

analyses were conducted to investigate the active sites  

and morphology structure of the activated carbon, 

respectively. The Cu(II) ions adsorption performance 

investigations of AC-MABB were conducted in a batch 

mode experiment, and the optimum adsorption condition 

for 1 g of the AC-MABB was observed to be under 0.4 M 

NaOH activation atmosphere and, stirred at initial pH of 5 

with a speed of 100-rpm and a pressure of 1 atm.  

The Cu(II) ions adsorbed onto the AC-MABB showed 

excellent fitting to the pseudo-second-order adsorption 

kinetic with a  correlation coefficient value of  0.999. 

Meanwhile, it followed Langmuir isotherm with 

coefficient values of 0.981 and 0.991 at 27 and 57 oC, 

respectively. The maximum Cu(II) ions adsorption 

capacity based on Langmuir was approximately 40.322 

and 46.082 mg/g at 27 and 57 oC, respectively. In this 

investigation, it is found out that the adsorption 

performance of AC-MABB is comparable to other 

lignocellulosic materials-based activated carbon and could 

be an option as the adsorbent in removing heavy metal in 

soil and wastewater. 
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